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SECTION 16280B 
SWITCHED POWER FACTOR CORRECTION EQUIPMENT — LOW VOLTAGE 


GENERAL 


SCOPE 


A. 


B. 


The Contractor shall furnish and install switched power factor correction equipment as 
specified herein and as shown on the contract drawings. 


This specification contains the minimum requirements for the design, manufacture and 
testing of switched power factor correction capacitors rated 600 volts and below. 


. Power factor correction equipment provided under other sections of the specifications as 


part of other equipment shall comply with this section of the specifications. 


Should the manufacturer or supplier of the equipment specified under this section take 
exception to any part of this specification, he shall so state in his bid, by reference to each 
item number. 


RELATED SECTIONS 


A. 
B. 


Section 16482A — Motor Control Centers — Low Voltage (Freedom and Advantage) 
Section 16482B — Motor Control Centers — Low Voltage (IT) 


REFERENCES 
A. The power factor correction equipment shall be designed and tested in accordance with the 


B. 


latest standards of NEMA, NEC, IEC, IEEE and ANSI. 
The equipment shall be UL listed and CSA certified. 


SUBMITTALS — FOR REVIEW/APPROVAL 


A. 


The following information shall be submitted to the Engineer: 
1. Master drawing index 
Front view elevation 
Floor plan 
Top view 
Nameplate schedule 
Conduit entry/exit locations 
Equipment ratings including: 
a. Short-circuit rating 
b. Voltage 
c. Continuous current 
8. Major component ratings including: 
a. Voltage 
b. Continuous current 
c. Interrupting ratings 
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9. Cable terminal sizes 


10. Product data sheets. 


1.05 SUBMITTALS — FOR CONSTRUCTION 


A. 


B. 


The following information shall be submitted for record purposes: 

1. Final as-built drawings and information for items listed in paragraph 1.04 
2. Certified production test reports 

3. Installation information 

4. Seismic certification and equipment anchorage details. 


The final (as-built) drawings shall include the same drawings as the construction drawings 
and shall incorporate all changes made during the manufacturing process. 


1.06 QUALIFICATIONS 


A. 


B. 
C. 


The manufacturer of the assembly shall be the manufacturer of the major components within 
the assembly. 


For the equipment specified herein, the manufacturer shall be ISO 9001 or 9002 certified. 


The manufacturer of this equipment shall have produced similar electrical equipment for a 
minimum period of five (5) years. When requested by the Engineer, an acceptable list of 
installations with similar equipment shall be provided demonstrating compliance with this 
requirement. 


The equipment and major components shall be suitable for and certified to meet all 
applicable seismic requirements of Uniform Building Code (UBC) for Zone 4 application. 
Guidelines for the installation consistent with these requirements shall be provided by the 
switchgear manufacturer and be based upon testing of representative equipment. The test 
response spectrum shall be based upon a 5% minimum damping factor, UBC: a peak of 
2.15g’s (3.2-11 Hz), and a ZPA of 0.869’s applied at the base of the equipment. The tests 
shall fully envelop this response spectrum for all equipment natural frequencies up to at least 
35 Hz. 


-- ©OR -- 


The equipment and major components shall be suitable for and certified to meet all 
applicable seismic requirements of the California Building Code (CBC) through Zone 4 
application. Guidelines for the installation consistent with these requirements shall be 
provided by the switchgear manufacturer and be based upon testing of representative 
equipment. The test response spectrum shall be based upon a 5% minimum damping 
factor, CBC: a peak of 2.15g’s, and a ZPA of 0.869’s applied at the base of the equipment. 
The tests shall fully envelop this response spectrum for all equipment natural frequencies up 
to at least 35 Hz. 


-- ©OR -- 


The equipment and major components shall be suitable for and certified to meet all 
applicable seismic requirements of the BOCA National Building Code, paragraph 1612.6. 
This shall include both vertical and lateral required response spectra as specified. 
Alternatively, the manufacturer’s certification may be based on a detailed computer analysis 


* Note to Spec. Writer — Select one 
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of the entire assembly structure and its components. Guidelines for the installation 
consistent with these requirements shall be provided by the switchgear manufacturer and be 
based upon testing of representative equipment. The equipment manufacturer shall 
document the requirements necessary for proper seismic mounting of the equipment. The 
test response spectra shall meet or exceed the required response spectra peak acceleration 
of 1.6g’s (3.2-11 Hz) and a ZPA of 1.0g as specified in the BOCA National Building Code, for 
all equipment natural frequencies up to at least 35 Hz. 


E. The following minimum mounting and installation guidelines shall be met, unless specifically 
modified by the above referenced standards. 


1. The Contractor shall provide equipment anchorage details, coordinated with the 
equipment mounting provision, prepared and stamped by a licensed civil engineer in the 
state. Mounting recommendations shall be provided by the manufacturer based upon 
approved shake table tests used to verify the seismic design of the equipment. 


2. The equipment manufacturer shall certify that the equipment can withstand, that is, 
function following the seismic event, including both vertical and lateral required response 
spectra as specified in above codes. 


3. The equipment manufacturer shall document the requirements necessary for proper 
seismic mounting of the equipment. Seismic qualification shall be considered achieved 
when the capability of the equipment, meets or exceeds the specified response spectra. 

1.07 REGULATORY REQUIREMENTS 


A. The power factor correction equipment shall bear a UL label. “<[Certified copies of production 
test reports shall be supplied demonstrating compliance with these standards when 
requested by the Engineer. ] 

1.08 DELIVERY, STORAGE AND HANDLING 

A. Equipment shall be handled and stored in accordance with manufacturer’s instructions. One 

(1) copy of these instructions shall be included with the equipment at time of shipment. 
1.09 OPERATION AND MAINTENANCE MANUALS 


A. Equipment operation and maintenance manuals shall be provided with each assembly 
shipped and shall include instruction leaflets, instruction bulletins and renewal parts lists 
where applicable, for the complete assembly and each major component. 


PART 2 PRODUCTS 


2.01 MANUFACTURERS 
A. Cutler-Hammer 
B. > 
C.. = 


* Note to Spec. Writer — Optional 
“: Note to Spec. Writer — Insert data in blanks 
“. Note to Spec. Writer — Insert data in blanks 
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The listing of specific manufacturers above does not imply acceptance of their products that do 
not meet the specified ratings, features and functions. Manufacturers listed above are not 
relieved from meeting these specifications in their entirety. Products in compliance with the 
specification and manufactured by others not named will be considered only if pre-approved by 
the Engineer ten (10) days prior to bid date. 


2.02 RATINGS 
A. The system operating voltage shall be as indicated on the contract drawings. 


B. The total capacity of the power factor correction unit shall be * kvar. The total kvar 
capacity shall be divided into * kvar non-switched (fixed) and * kvar 
automatically switched in steps of * kvar 


C. The capacitor shall be rated for continuous duty at 40 degree C ambient at 3,300 ft. (1,000 
meters) and below. 


D. Total Harmonic Distortion (THD) of 5% of voltage waveforms shall not affect the life of 
capacitors, contactors or controller. 


E. A+/- 10% variation in line voltage shall not affect the life of the capacitor. 


2.03 CONSTRUCTION 


A. Individual capacitors shall be self-healing utilizing polypropylene as a dielectric with vacuum 
deposited conductors on the polypropylene as electrodes. Each three-phase capacitor shall 
be furnished with a UL recognized pressure sensitive interrupter. The interrupter shall 
disconnect all three phases at the same time to maintain a balanced circuit. 


B. Capacitors shall be contained in hermetically sealed metal cans to prevent atmospheric 
contaminants from shortening the useful life. Dielectric material shall be low loss, less than 
0.5 watts per kvar. Encapsulation medium shall be a thermosetting polymer resin, which 
allows outgassing to engage the pressure interrupter. 


C. Terminal bushings shall withstand 10 kV AC to ground and be rated 30 kV BIL or greater. 
Nominal design life of individual capacitor cells shall be 20 years. Individual capacitor cells 
shall be covered by a five-year warranty. All capacitor cells shall have threaded terminals for 
wire connection. 


D. All power wiring shall have a thermoplastic insulation rated for 90 degrees C at 600 volts. 


E. For floor mounted units, system wiring connections shall be made to copper bus bars 
braced for 65,000 amps or greater and the power correction unit shall a modular design with 
provisions for expansion to kvar. 


--©OR -- 
E. For wall-mounted units the system wiring shall be made to a power distribution block. 


m 


Contactors shall be rated for switching of capacitors by the contactor manufacturer. 


G. The automatic power factor correction equipment shall be warranted by the manufacturer of 
the capacitor cells. 


H. Air core transient suppression coils shall be provided in series between the contactors and 
fuses. 


* Note to Spec. Writer — Select one 
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|. All wiring connections shall be mechanically fixed with nut or screw. 


DISCHARGE RESISTORS 


A. Capacitors shall be provided with discharge resistors to reduce residual voltage to less than 
50 volts within one minute of de-energization. (National Electrical Code Article 460-6.) 
Resistors shall be chosen to ensure a 20 year minimum life. 


FUSES 


A. To provide for major fault protection, line fuses shall be provided on all three phases of the 
capacitor bank. 


B. Fuses for 10 kvar 480V (4 kvar 240V) and smaller shall be standard midget type with 100 
kAIC mounted in a phenolic fuse block. Three fuses shall be provided. 


C. For 11 kvar and larger, three fuses shall be provided and shall be standard bolted blade type 
with 200 kAIC. Indication of fuse operation shall be obtained by use of blown fuse lights. Neon 
lights shall be connected in parallel with the line fuses. When the fuse clears, the light glows. 


CONNECTORS 


A. Each assembly shall be furnished with appropriately sized solderless connectors capable of 
handling conductors in accordance with the NEC. Minimum conductor size shall have the 
capacity 1.35 times rated capacitor current. 


CAPACITOR ENCLOSURES 


A. Capacitors shall be provided with enclosures fabricated from #16 gauge steel, minimum. 
The cover shall be gasketed and “L” shaped with multiple fasteners to provide front opening 
for ease of installation and service. The enclosure shall be NEMA 12, gasketed. The 
enclosure shall also suitable for NEMA 1 and 3R applications. 


MOUNTING 


A. The switched power factor correction equipment shall be provided with a wall mounted 
enclosure. The enclosure shall be NEMA 1 fabricated from 14 gauge cold rolled steel. An 
internal grounding lug shall be provided. Capacitor cells shall be accessible for visual 
inspection and replacement from the front of the cabinet. The enclosure shall be provided 
with pre-drilled hangers for wall mounting. 


-- OR -- 


A. The switched power factor correction equipment shall be provided with a floor mounted 
enclosure. The enclosure shall be NEMA 1 fabricated from 12 gauge cold rolled steel. An 
internal grounding lug shall be provided. Capacitor cells shall be accessible for visual 
inspection and replacement from the front of the cabinet. The enclosure door shall have a 
three point latch with key locking handle. Removable lifting eyes shall be provided. 


CONTROLS 
A. All controls shall be mounted on enclosure door for easy inspection and service. 
B. Adoor interlock shall be provided to disconnect control power when enclosure door is open. 


* Note to Spec. Writer — Select one 
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C. A personnel ground fault breaker shall be provided to disconnect control power upon 
accidental contact with control power and ground. 
REACTIVE POWER CONTROLLER/POWER FACTOR METER 
A. Controller shall measure the reactive current on every passage of the voltage through zero. 
B. ALED display shall be provided to indicate the stages that are on. 


C. The controller shall be provided with a programmable target cosine selector in the range of .7 
lagging to .9 leading. 


D. The time delay between switching of capacitors must be field programmable and have a 
range of 5 seconds to 20 minutes to reduce hunting and allow voltage decay as required by 
NEC. 


E. All output contacts shall be disabled within 35 milliseconds of main power interruption. The 
controller shall retain its programming after the restoration of supply voltage. The controller 
shall bring the capacitor bank back online in a step, phased, normal sequence. 


F. Controller shall be able to display power factor with indication for an inductive or capacitive 
power factor. 


G. Controller shall provide an option for a remote connection to a PC or printer. 
H. Controller shall have the ability to calculate and store in memory the kvar value of each step. 


|. Controller shall recognize a defective capacitance step and eliminate that step from the 
circuit. 


J. Controller shall automatically determine C/K ratio. 
K. Controller shall indicate insufficient kvar to achieve target power factor. 


L. Controller shall have indication of an excessive harmonic condition. 


ON-OFF SWITCH 


A. On/Off switch shall control power to all door-mounted controls. The On/Off switch shall 
contain pilot light to indicate “on” mode. 


BLOWN FUSE LIGHTS 


A. Three “Push-to-Test” blown fuse pilot lights, one per phase — door-mounted, to indicate a 
blown fuse condition. 


B. For floor-mounted units, each fused phase of each 50 kvar step, shall have its own blown 
fuse indicating light mounted in close proximity to the fuse for easy identification. 


NAMEPLATES 


A. Each unit will have a 1.0 x 2.5-inch engraved nameplate. The lettering shall be black 3/16- 
inch high, on a white background. 


FINISH 


A. Power factor correction equipment enclosures shall be provided with a baked enamel finish. 
Exterior color shall be ANSI 61. 


SYSTEM COMPATIBILITY 
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A. Asystem compatibility analysis shall be considered by the automatic capacitor bank 
manufacturer. It will be the responsibility of the contractor to provide the manufacturer, at the 
time of request for quote, the data covered listed below 


B. This analysis shall be done to identify any potential or existing harmonics current sources. 
The data will be used to determine if the capacitor bank can be installed without the addition 
of chokes or filters. 


1. Total kvar to be added “* kvar 

2. kvar currently on the system * kvar 

3. Main transformer impedance * ao. = kVA 

4. Primary transformer voltage * V 

5. Secondary transformer voltage * V 

6. Nominal load information: “ kW, “ kVA, “= Power 
Factor 

7. Desired power factor * % 

8. The following list summarizes major non-linear loads (in HP). List major non-linear loads 


for the facility. 


PART 3 EXECUTION 


3.01 FACTORY TESTING 


A. All capacitors shall be tested in compliance with NEMA, ANSI, UL and CSA requirements for 
capacitance, dissipation factor, terminal-to-terminal and terminal-to-case dielectric strength, 
and oil leaks. All capacitor cells shall be traceable through construction and testing. 


B. The automatic power factor capacitor correction unit shall be tested for proper operation prior 
to leaving the factory. The following checks, measurements, and operations must be 
confirmed and recorded for each stage. The certified record of these tests shall become part 
of the permanent documentation package that travels with the automatic capacitor bank. 


Wire connections 

Torque connections 

Phase-to-phase resistance checks 
Phase-to-phase capacitance checks 
Controller operation, manual operation 
Controller operation, automatic operation 


oarwnon > 


3.02 EXAMINATION 


A. Installing Contractor to fully inspect shipments for damage and report damage to 
manufacturer and file claim upon shipper, if necessary. 


B. Installing Contractor to verify NEC clearances as dictated on the contract drawings prior to 
installation. Verify UL labeling of the assembly prior to installation. 


3.03 INSTALLATION 


“. Note to Spec. Writer — Insert data in blanks 
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A. The Contractor shall follow the installation instructions supplied by the manufacturer. 
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